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(57) Abstract 

The object of the inventicm is a thermoroll for a paper/board machine or a finishing machine, the said themioroll comprising a shell 
(2; 4, 5) of metallic, ceramic or composite material, the shell incoiporating ducts (3; 9) for passing a heating medium from one axial end 
of shefi to its opposite end. The shell is made by means of casting or powder metalluigical methods, and the ducts (3; 9) are fomied in 
the matrix material of Ihe shell which is of metal and/or ceramic, directly in connection widi manufacture. A fuither object of the invention 
IS a method for manufacturing a thermoroll. 
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Thermoroll for a paper/board machine or finishing machine and a method for 
manufacturing the thermoroll 



The object of the present invention is a thermoroll for a paper/board machine or 
5 a finishing or converting machine, the said thermoroll comprising a shell of 
metallic, ceramic or composite material, the shell incorporating ducts for passing 
a heating medium from one axial end of the shell to its opposite end. 

A further object of the invention Is a method for manufacturing a thermoroll for a 
10 paper/board machine or a finishing or converting machine, the said thermoroll 
comprising a shell of metallic, ceramic or composite material, the said shell 
incorporating ducts for passing a heating medium from one axial end of the shell 
to its opposite end. 

15 Heatable rolls, that is. thermorolls, are commonly used in paper machines and 
paper finishing or converting machines, especially in calenders and multi-roll 
calenders, the length of the said thermorolls being as much as 10 m, their 
diameters being typically of the order of approximately 500-1000 mm - with soft 
calender rolls 1200-1650 mm. The heating of the rolls is usually carried out by 

20 means of a heating medium, such as steam or hot water or oil. Thermorolls are 

typically formed by driiiing axial bores close to the outer surface of the roll shell. 

the diameter of the bores being typically about 25-50 mm, and through which 

bores the heating medium is passed from one axial end of the roll to Its opposite 

end. There are typically several such bores, distributed evenly in the 

25 circumferential direction of the roll. The heating medium may circulate in the bore, 

« 

for example, once from one end of the roll to the other, or twice or several times 
so that in adjacent bores, the heating medium travels in opposite directions. 
Figures 1 and 2 show a prior art thermoroll of this type, in which a shell 2 is 
attached to end flanges 16, 18 provided with axle Journals 15, 17. in v^rtiich shell 
30 are fonned axial bores 3, of which there are several, distributed evenly in the 
circumferential direction. I n the axle journal 15 is formed an axial bore 14. to 
which is fitted a pipe 11 extending to the opposite end flange 18. Between the 
outer surtece of the pipe 1 1 and the interior surface of the axial bore 14 remains 
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an annular slot. The heating medium is supplied to the roll 1 from the first end 
(the end with the axle journal 1 5) through a pipe 1 1 and passed via the radial 
bores 12 at the opposite end to the bores 3, and along them back to the first end, 
and via the radial bores 13 to the said annular slot in the axle journal 15 and from 
5 there out of the roll. 

A problem associated with thermorolls provided with this type of prior art bores 
relat es to mak ing jhe axiajbores by means of long hole drillin g, which is relativel y 
sl ow and expe nsive. Long hole drilling is made particularly deman ding by th e 
10 f ormation of m aterial structure bo undar y surfaces in the wall construction of th e 
shell due to the manufacturing technique. The cementite microstructure in chi ll 

r^' ' — . — " ^ 

cast thermorolls is brittle and susceptible to breakage due to the effect of 
mechanical and thermal loads. Variation in the thickness of the cementite layer 
may in addition cause curving of the rolls when heated. Intergranular corrosion 
15 may also occur due to paper auxiliaries. Furthermore, the current trend towards 
increasingly high temperatures increases the problems caused by the thermal 
fatigue of materials. To improve wear resistance, chilled rolls have to be coated, 
for example, by hard chromium plating. 

20 Thus, one of the aims of the present invention is to achieve an improved 
thermoroll. where long hole drillin g and other p ri or art disadvantages are avoid ed. 
The aim is, moreover, to achieve a roll, where good heating properties are 
obtained for the o uter surface of the roll. To achieve this aim, it is characteri stic 
of the thermoroll relating to the invention that the shell is made by means of 

25 c asting or powder metalluroical methods, and that the ducts are fo rmed in the 
matrix material of the shell which is of metal, cera mic or a comp osite, directly in 
connectio n with manufacture. Other preferred embodiments of the thermoroll 
relating to the invention are described in dependent claims 2 to 1 1 . 

30 Of the method relating to the invention for manufacturing a thermoroll it is, on the 
other hand, characteristic that the shell is made by means of casting and/or 
powder metallurgical me thods, and that the ducts are formed in the mat rix 
material of the shell which is of metal, ceramic or a composite, directly in 
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conn ection with manufacture, without machining. Other preferred embodiments of 
the method relating to the invention are descritied in dependent claims 13 to 17. 

The invention is described in the greater detail in the following, with reference to 
5 the appended drawings in which: 

Figures 1 and 2 show diagrammatically a prior art thermoroll solution, and 

Figures 3 to 10 show diagrammatic views of examples of different embodiments 
10 of the invention. 

Figures 1 and 2 show a diagrammatic view of the prior art thermoroll disclosed in 
Vne introduction. 



15 Figure 3 shows a thermoroll implemented in accordance with the invention as a 
diagrammatic longitudinal section, in which an outer shell 4 made of metal in 
powder form and incorporating a heating medium duct 3 is formed around an 
inner base tube 5 of steel or cast iron. The me tal powder is metal in spherical 
particulate form and havin g a particle^diameter of the order of 0.1-0.5 mm. which 

20 is rnade of molten metal by means of gas atomlsatiorT It niay be more alloyed 
than composition metals produced by con ventionatmethods. and it may also 
contain carbide and oxide components, sudi as, for example, Al, B, Cr, Ti, Si, Sn, 
W, Zn, Zr oxides and carbides or their alloys. To produce a piece of metal 
powder, powder metallurgical methods can be used, which include spraying, 

25 extrusion and hot isostatic pres sing (HIP)J ntlTg>tiP method, for example, a 
piece of metal obtains its final form and density under a high pressure and 
temperature, the metal remaining, however, in a non-molten state, whereby the 
properties obtained for the product are better and more homogeneous than those 
of products obtained when using melting methods. 

30 

In the embodiment relating to Figure 3. the heating medium ducts 3 are formed in 
the outer shell layer of metal powder as pipes with a sheet metal structure, the 
said pipes acting as a mould during the manufacturing process. The pipes may 



I 
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be left inside the shell layer 4. When manufacturing the outer shell layer 4 by 
means of^HlC^treatment, a sheet metal capsule is formed around the inner 
manifold 5 at a distance corresponding to the desired thickness of the outer layer, 
inside which capsule is placed metal powder around the heating duct pipes 3. 
5 Aft qr this air is sucked from the capsule almost to a state of vacuuiiL aQd the 
ca psule is subjected to a high pressure and temperature, thus^ effecting the 
formation of the final outer layer 4 of the shell. The sheet metal pipe structures 
forming the heating medium ducts can be designed, for example, as shown in 
Figure 10, whereby the use of separate displacing elements causing local 
10 temperature differences in the axial direction of the roll can be avoided. The use 
of such displacing elements is described, for example, in Fl patent 91297. The 
flow duct can be designed either so that its diameter changes linearly (10a), or in 
optimised form producing a constant heat flow q{x) (Figure 10b), 

15 The outer shell layer 4 can also be made separately from the inner shell and be 
attached to the inner shell, for example, by means of shrink fitting technique or by 
glueing or soldering the shells together. Figure 4 shows the structure of a shell 
obtained in this manner, in which there is a bonding layer 6 between the inner 
shell layer 5 and the outer shell layer 4 made of metal powder. This bonding layer 

20 6 can also l>e thought to be formed as an insulating layer in order to improve the 
heating properties of the thermoroll on the outer surface of the roll shell. 

The heating medium ducts 3 may also be located, for example, as shown in 
Figure 5, on the boundary surface between the inner frame shell and the outer 
25 shell of metal powder. The heating medium- ducts may bo convp^^^'^n^l a]>iml ducts 

QJLpjpes, or they can also be made to n in Rpirf^ Hy nn fhc^ rim im ferftnr^ of the 

shell. ~ ^ 

Figure 6 shows a cross-section of a thermoroll, which comprises an inner pipe 8 
30 made of material having low thermal conductivity (heat insulator), on top of which 
pipe are attached smaller pipes 3 which act as heating medium ducts in the roll. 
After this, an outer layer 4 of material 5 having a better coefficient of thermal 
conductivity, or possibly of material with even better thermal conductivity, is cast 

I 

i 
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over the inner pipe 8 and the ducts 3 attached to it. or made by means of 
pulverisation-metallurgical methods. Finally, the roll is coated with a hard and 
wear-resistant coating 7. Material layers 5 and 4 may also both be of the same 
material and they can be manufactured in one stage. 

Figure 7 shows a solution in which ducts 9. for example a duct system bent from 
sheet metal, on the inside of which is formed, for example by casting, a base 
material layer 5 of e.g. cast iron, are formed on the inner surface of the outer 
shell layer 4 which is of a material having better thermal conductivity. There may 
also be an insulating layer on the inner surface of the inner layer 5. 

Table 1 shows some approximate material values of materials which can be used 
in the method relating to the invention. 



15 


Material 


Thermal 

conductivity 

[W/mKl 


Fatigue 
strength 
[MPa] 


Density 
Ikg/m^ 


Module 
IGPa] 




Cast iron 


50 


80 


7300 


100-130 




Al/SiC 


175 


250 


2600 


90-110 




composite 












Coal/Coal 


200-250 


100-500 


1600 


90-120 


20 


composite 











By s electing th e materials so that their thennal cond ucti vity increases when 
mnvinn from the inner shell layer to the outer shell layer , a higher roll surface 
teTi^SSture is achieved with less energy, which may lower the total costs 
25 incun-ed by the thermoroll. The roll structure can. moreover, be lightened, which 
results in cost savings especially in multi-roll calenders (such as OptiLoad 
calenders). 

Figure 8 shows a solution in which the entire shell body is formed of a metal 
30 powder alloy, which is produced by means of HIP treatment and in which alloy 
are formed heating medium ducts 3a. 3b on two different radial levels in the shell 
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material. If necessary, also on the inner surface of this roll may be formed an 
insulating layer and the outer surface can be coated with a hard and wear- 
resistant coating, for example, with a ceramic material which is sprayed onto the 
outer surface of the shell. 

Fi gure 9 shows a thermoroll construction implemented without the end flanges. In 
t his solution, the axle 10 made of steel or cast iron ads a s an intemal mould f or 
the intermediate shell 6, the composition of which intermediate shell can be 
selected from materials with a lioht density, such as aluminium-based powdere d 
co mpositions. The heating medium feed and discharge ducts 20, 23 are forme d 
by means of bores made in the axle, and in the intermediate shell 6 are formed 
radial ducts 21 and 22 for sup plying t he heating medium to the outer shell layer 
2, which comprises axial heatingjnediuoLducts 3. This outer shell 2 can be made 
as a separate pipe and then be attached over the intermediate shell 6, or the 
intermediate shell can be used as a mould around which the outer shell 2 is 
made, for example, by means of HIP treatment. 

When the roll is made in accordance with the invention, optimisation of the heat 
transfer ducts in the longitudinal direction of the roll is possible. Holes may be 
placed more densely and their diameters may be smaller than those of drilled 
holes. The ducts do not necessarily have to be parallel with the roll axle, but may 
be, for example, spiral or oblique to reduce barring. Change of the diameter of 
the ducts in the axial direction is also easy to arrange without separate displacing 
elements. Especially when applying powder metallurgy, the surface of the roll can 
be made of material alloyed in a different manner in connection with the 
manufacture of the shell, whereby wear resistance can be improved without hard 
chromTum plating or other separate coating stage. V^roaucis maoe oy means of 
powder metallurgical methods are more homogenous and more controlled, which 
means that in critical conditions their operational safety improves. 
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Claims 

1 . A thermoroll for a paper/board machine or a finishing machine, the said 
themioroll comprising a shell (2; 4, 5) of metallic, ceramic or composite material, 

5 the shell incorporating ducts (3; 9) for passing a heating medium from one axial 
end of the shell to its opposite end. characterised in that the shell is made by 
means of casting or powder metallurgical methods, and that the ducts (3; 9) are 
formed in the matrix material of the shell which is of metal, ceramic or a 
composite, directly in connection with manufacture. 

10 

2. A thermoroll as claimed in claim 1 , characterised in that the shell (4, 5) is 
formed as a composite construction in which there are at least two different 
material layers in the direction of thickness of the shell, the thermal conductivity 
of the said material layers increasing when moving from the layer (5) on the inner 

1 5 surface side of the shell to the layer (4) on the outer surface side of the shell. 

3. A thermoroll as claimed in claim 2, characterised in that the shell has an inner 
body material layer (5) of cast metal, on top of which is placed an outer material 
layer of metal powder. 

20 

4. A thermoroll as claimed in claim 2 or 3, characterised in that the ducts (3) are 
formed in the outermost material layer (4) and/or on the boundary surface 
between the outennost layer (4) and the next inner layer (5) and/or in the inner 
layer (5). 

25 

5. A thermoroll as claimed in any of the above claims, characterised in that ducts 
(3a, 3b) are situated on at least two different radial levels in the shell material (2). 

6. A thermoroll as claimed in claim 5, characterised in that the ducts (3a, 3b) on 
30 the different levels are situated in a staggered manner. 
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7. A thermoroll as claimed in any of the claims 1 to 6, characterised in that ducts 
are formed from one axial end of the shell (2) to its opposite end as straight pipes 
(3) or ducts (9) extending substantially parallel to each other. 

5 8. A thermoroll as claimed in any of the claims 1 to 6, characterised in that the 
ducts are formed from one axial end of the shell (2) to its opposite end as spirally 
extending pipes (3) or ducts (9). 

9. A thermoroll as claimed in any of the above claims, characterised in that an 
10 insulating layer (8) is formed on the inner surface of the shell. 

10. A thermoroll as claimed in any of the above daims. characterised in that the 
outer surface of the shell (2) is coated. 

15 1 1 . A thermoroll as claimed in any of the above claims, characterised in that the 
shell (2) is attached to the roll axle (10) by means of an Intermediate shell (6). 

12. A method for manufacturing a thermoroll for a paper/board machine or a 
finishing machine, the said thermoroll comprising a shell (2; 4, 5) of metallic, 

20 ceramic or composite material, the shell incorporating ducts (3; 9) for passing a 
heating medium from one axial end of the shell to its opposite end, characterised 
in that the shell is made by means of casting and/or powder metallurgical 
methods, and that the ducts (3; 9) are formed in the matrix material of the shell 
which is of metal, ceramic or a composite, directly in connection with 

25 manufacture, without machining. 

13. A method as claimed in claim 12, characterised in that according to the 
method, an inner pipe (8) made of material having low thermal conductivify is first 
manufactured, on top of which pipe are attached smaller pipes (3) acting as fluid 

30 ducts, and following this, a layer (5) of material having better thermal conductivity 
is formed over the fluid ducts (3). 
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14. A method as claimed in claim 13, characterised In that over the layer (5) is 
formed an outer additional layer (4), which is of a material having better thermal 
conductivity than the layer (5). 

5 15. A method as claimed in claim 13 or 14. characterised in that the layer (5) 
formed over the fluid ducts (3) and/or the outer layer (4) are formed by casting. 

16. A method as claimed in claim 13 or 14, characterised in that the layer (5) 
formed over the fluid ducts (3) and/or the outer layer (4) are formed of metal in 

10 powder form. 

17. A method as claimed in claim 12, characterised in that according to the 
method, the heating ducts (3) are placed in a metal capsule acting as a mould, 
the capsule being filled with metal in powder fomi to sun-ound the heating ducts 

1 5 (3). a vacuum is fomned in the capsule, and the shell (2) is made into its final form 
of a single-layer body structure by means of hot isostatic pressing (HIP). 
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